alkyl group (R f ) on both sides. At first, we examined the reaction of 3 with aldehydes under a basic condition. Unfortunately, we could not create a quaternary carbon center on the methine carbon at all, since dehydrofluorination proceeded in basic condition. Now, we attempted the Pd-catalyzed allylation reaction of 3 to generate a quaternary carbon as an expansion of applicability of our a-fluoroalkylation reaction (Chart 2). Our idea is: If this reaction would proceed successfully, a chiral fluoroalkylated quaternary carbon center could be formed, since it is well-known that Pd-catalyzed allylation reactions proceed under a neutral condition, and have the ability for synthesizing the asymmetric product.
About half a decade ago, Kitazume and his co-workers reported a Pd-catalyzed allylation of ethyl 3,3,3-trifluoropropionate. 19, 20) Furthermore, recently, Ishihara and his co-workers reported a Pd-catalyzed allylation of trifluoroalanine derivatives. 21) They obtained the products which was forming a carbon-carbon bond at the active methylene carbon in moderate to good yields. So, we applied their condition to our compound (3) to construct a quaternary carbon center.
At first, 3-benzyl-4,4,4-trifluorobutan-2-one (3a) was chosen as the substrate, and it was treated with allyl ethyl carbonate (4a) in the presence of 4 mol% of Pd(PPh 3 ) 4 in Et 2 O. As expected, the desired product (5a) was obtained in an excellent yield even when the reaction was carried out at room temperature. Based on the examination of various reaction conditions shown in Table 1 , we found that entry 2 gave the best result.
As shown in entries 7 and 10, the product was not obtained at all when a Pd catalyst was not added or only PPh 3 was added without palladium. Furthermore, the yield was not affected by increasing the amount of a Pd catalyst (entry 9). The product was obtained in a good yield when Pd(OAc) 2 was used as a Pd salt with PPh 3 (entry 14) . This suggests that the reaction could be extended to an asymmetric reaction using chiral phosphine as a ligand.
Next, we examined the allylation reaction of various fluoroalkyl ketones 3. The results are summarized in Table 2 .
As shown in entries 1-3, the substituents on the phenyl group did not have significant effects on the yields of the products, and the desired products (5) were obtained in excellent yields. a-Trifluoromethyl ketone with an aryl group on the carbonyl group or fully aliphatic ones also reacted smoothly to give the products in moderate to good yields (entries 4-6). However, the ketones (3g, h) that have a longer fluoroalkyl chain did not afford the desired products (5g, h) at all as shown in entries 7 and 8, and gave the dehydrofluorinated compounds (6g, h) in moderate yields probably because their steric effects hindered the introduction of the allyl group.
Finally, we examined the reaction using various allyl compounds (4). The results are shown in Table 3 . Vol. 55, No. 11 
The leaving group of 4 played an important role. Thus, carbonates gave the products in good to excellent yields except the allyl phenyl carbonate (4b) (entries 1-3). It might be attributed to the fact that the basicity of the phenoxide derived from 4b with a Pd catalyst is weaker than the ethoxide or the benzyloxide. The weakness of a basicity or the steric hindrance would lead to the decrease of the yield.
Next, we examined the effect of the substituents on the double bond (entries 8-15 in Table 3 ). All products were obtained in satisfactory yields except in entries 14 and 15. In entries 8 and 9, the same product (5i; E-form) was obtained from both isomers (4h, i). This means that the intermediate might be the same p-allyl palladium complex. Furthermore, when the reactions proceeded smoothly, the substitution occurred at a less hindered position. On the other hand, 4n was recovered from the reaction mixture, while 4o was decomposed (entries 14, 15).
The above Pd-catalyzed allylation reaction is explained the mechanism shown in Fig. 1 .
22) The p-allyl alkoxy palladium complex (8) , that derived from the oxidative addition of the Pd catalyst into 4 followed by the decarboxylation, reacts with 3, resulting in the formation of 9 after deprotonation of 3. In the next step, the reductive elimination afforded the product (5) and regenerated the Pd(0) catalyst. In this reaction mechanism, 4n might not afford the complex 7 because the oxidative addition with a Pd catalyst was inhibited by the low electron density caused by the chlorine. On the other hand, 4o could not afford the complex 9 owing to the steric hindrance, even if the complex (8) might be formed.
Conclusion
We obtained allyl compounds (5) with a trifluoromethyl group at a quaternary carbon center in good to excellent yields at room temperature. Only allyl carbonates (4) could be used as allyl component for this reaction, and the substitution occurred regioselectively at the less hindered position of the allyl groups. Now, we are trying to apply this reaction for the formation of an asymmetric quaternary carbon center.
Experimental
General Informations 1 H-and 13 C-NMR spectra were recorded on JNM-GX400 spectrometers. Tetramethylsilane (TMS) was used as an internal standard. 19 F-NMR spectra were recorded on Hitachi FT-NMR R-1500 and JEOL-ECA-600SN spectrometers. Benzotrifluoride (BTF) was used as an internal standard. Mass spectra were obtained on JEOL JMS-700T spectrometers. IR spectra were recorded on Hitachi 270-30 Infrared spectrophotometer. Gas-liquid chromatography (GLC) was carried out on a Hitachi 263-50 gas chromatograph (column; 5% SE-30 3 mmϫ2 m, carrier; N 2 at 30 ml/min). Peak areas were calculated on a Shimadzu C-R5A Chromatopac. Melting points were measured on Yanagimoto micro melting point apparatus MP-S3. All the solvents were purified by standard procedure under an Ar atmosphere, and other commercially available reagents were used without further purification.
Typical Procedures Under an Ar atmosphere, to a solution of Pd(PPh 3 ) 4 (23.1 mg, 0.02 mmol) in THF (4 ml) was added 3-benzyl-4,4,4-trifluorobutan-2-one (3a, 108.1 mg, 0.5 mmol) and allyl ethyl carbonate (4a, 105.0 mg, 0.8 mmol), then the mixture was stirred for 1.5 h at room temperature. The solution was quenched with 10% HCl, and extracted with Et 2 O. The Et 2 O layer was washed with sat. NaCl and dried over MgSO 4 . The solvent was removed in vacuo and purified by column chromatography (SiO 2 , AcOEt : hexaneϭ1 : 9) to give 3-benzyl-3-(trifluoromethyl)-hex-5-en-2-one (5a, 123.1 mg, 96%).
Spectral Data 3-Benzyl-3-(trifluoromethyl)hex-5-en-2-one (5a): Colorless oil. 1 
